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Abstract 



PURPOSEiTo manufacture grain oriented electrical sheet less in iron loss and free from ear crack hole at hot rolling, by 
adding traces of specified Sn, Nb, raising Si content and reducing sheet thickness at manufacturing silicon steel sheet. 
CONSTITUTION:Silicon steel slab contg. by weight 2.5-4.0% Si, 0.04-0.10% C, 0.04-0.4% Sn, 0.002-0.06% Nb. 0.015- 
0.040% acid soluble Al, 0.0040-0.0100% N, 0.030-0.150% Mn, 0.015-0.040% S is hot rolled and made to hot rolled plate 
having 1-5mm thickness by finish hot rolling through soln. heat treatment. This is cold rolled at one time or more contg. 
final cold rolling of >=80% severe draft, intermediately annealed during them and subjected to well known 
decarbonization annealing after the final cold rolling. Next, the sheet is coated with annealing separator agent made 
mainly of MgO and finally finish annealed. Si content is increased, sheet thickness is reduced iron loss Is decreased and 
stabilization of secondary crystal is improved by Sn addition, and Nb is added to manufacture low iron loss grain oriented 
electrical sheet free from ear cracking at time of hot rolling. 



Data supplied from the esp@cenet database - 12 



http://l2.esDacenet.com/espacenet/abstract?CY=ep&LG=en&PNP=JP62096615&P... 2004-11-03 



®)lnt.Cl.« 

C 21 D 8/12 

B 21 B 3/00 

H 01 F 1/16 



®^m^¥F(2:mCA:> 0H62- 96615 

laSliiS-^ jTrtSa#-f- ©^jiM BS«J62^(1987)5^ 6 B 

B-8417-4K 
751 6- 4 E 

7354- 5E SSElf* ^If* 5l5S«Otgc 1 7 S) 



@# ^ 0S6O- 234633 
©tU ® PS60( 1985) 10^228 

^m^i^m^±^^ 2 T g 6 1§ 3 

















fit 1^ ?t 




gg 


A 








A 





1-1 B 



19 ^ 

jS n - [?H4 m la »8 G> M it :Sr tfe 
2. 1# SiF Sflf ^ ® l2 IS 

ffi 1: <i: U T S i : 2. 5 4. 0 . C ; 0. 04 — 
0. lOH. S n : 0.04— 0. A H , N b : 0.002— 0.06 

K°I?§t4A £ : 0.015— 0.040 J< . N : 0.0040 
--O.OIOOH. Mn : 0.030—0.150^. S : 0.015 



mf*14*^*?"rS&i£«i: b*r W 17/50 ( 5 0 Hz T 
C^ T * 

mc-zm^&fStz (110) ffi. BEJi:*ri53tc: <ooi > 
tciifa^k3gg$AT^>s<ooi>«4*BEii:^rrsjfr;:ii5 



—81— 



If MnSe tt«f»S i Sb ^-^ybf^-iU 

LT Pb. Sb. Nb. Te ^fJlfflf {4#'£tDS38 
-8214-^^f8) . Zr. Ti. B. Nb. Ta, V. Cr. Ho 

^nmirh:Hm (!t*Ra^52- 24ii6-^^i^*8) s Nb. 

7 T :^ -^^^ 6. 5 ?^ S i W% 



1?raB3 62-96615 (2) 

teiiiSi SliftOPS* ItT ^ AIM. 
MnS V t: t:^ - i U T flj ffl T Si it 3^ * 

^^TSn ^^^r*:6rffi (4*^IS57 - 9419^^2r^) 

^ai^L. ^ 5fe CD *SJS: 0.30- 0.35 »^ 0.15-- 0.23 
ntC. Si a 2. 9 - 3. 1 5^*- 3. 2 - 3. 5 ^ 

i u^s: a^miftt o«n tension,* sail r-s c t^^ 

Kg i L. • 

U L. ^. Si S iSi 26 - '^m'^^t^^ 

/S v^ tft i I3) "C* ^> -S* S i it L. tJ: IS 
^/a:oTt>'&, Si tiairTr§«S:;ti<ll^d:^- 

»i5i»K:{s»fr rtsas'inoi^ia^t 



0 i-^mti) ^'JS ^Hi: . 

£fe m # f4 * Jt ^? -t*: ^ :^ « R'T ^ ® ^ 

;*:ffeqfl« A IN. ttnS ^ y t f ^ - t -r ISi 

% tjfl tt - S n )jn J; ^ T S i CO i« S . IS 15^ 



PHlBEISif c!>]i:s>mieJra * »t?t -r * 

* L./c*Slg:Siac!> Nb *«H4iK:^/jnr -2. c itcict 

/i: < KtSv'Hiffloil^nJt-i^-lSH^^tfi^^&^Siit-?? 
^ >2» il i^^iii ^%BJ5 *^fiSc U COT * * • 
;*:^Bjt3 l^T aj^^^WT ^ 7 7' O 

Si It 4 ^ ^ Q r i Sft it ;()^ < 7^ PbI J£ iiE iS 
mKi><^ < &m'^^t4*^^it^^• 
Sn tt. 0.04HiferllT tittnS ^ tSk ttB tc tfr Hi ^ 



—82— 



t;. 0.002 K5fe?fiT liS^PaTBEiSi^® 

^'^^ tziOiz^Ji^m(0±'< :^ ^ ^' ^ -^i^ 

A £ It 0,015 -0.040 N li 0.0040- O.OIOOH 

^ . M n *f ^ S t t- ^ - MnS ^ ^ ^ 

Mn ti 0.030 -0.150 . Sti 0.015 -0.040 H 

Satc:;*:%B^K:*?''^'^ 0.005 — 0.04^©Se . 
0.001-0. 49<tDCr, Ni. Mo. Sb, Cu. 



t*fS 8862-96615(3) 

As. Bi^<DiaXtt2SiJiJi^*^?3®^*^ 

± Sa « 5)- ® « * i§ % - ^J- lEE X t§ 
T 100 — 4 00 aBl5^®:5^'77'chb. t> ^ \^ < f*tTai^ 
iiCiJl^T. Mnsl^CD7S«t^bO^c«>1300-l400 t: 
C»I*ISJ^^ Ofc^ffiKiiT2O-6O«»0:ftC O 

^]Ki£<(tJbffStr^-»T 1 - 5 Buigc© jftiils i r 

3*1^® {± Ji »9 iaJt t± 900- iioor T -6 • C 
700-1200 r t;;T^f 
t^. JBET*8 O^ecD^ffiTSl^V^il^^^ClEI 

'^r^mmK:9c^L'o^TiSit^i^itiU^m(^fS5 is-z 90a- 

1200r t3 3 0 I3?;6>^> 3 0 ^ U L. tc ^^r/^ U MH 
(Omm^ y H a~;u^^f-7, V^PalEEJ^XfiTO?! 
Sft/N-xHti 5 0 - 400TC CD »*5&feiai*Jf -3 i V — 

^^©Bft^t^lt^Jfc . «go -r ^ fi^^i^ 

Hx Xtt-e©?S'&;^*;^4»T«IS^1000x:m-tt^^ 



5fer " 

3 25 %. C = 0.07 5^. So£ A £ 0.027 5« . N - 
0,008 Mn -0.089<. S - 0.027 Sn =• 

0.12?<. Nb - 0.002 - 0.094 HXli< 0.001 5< 

E}it^cfc-:,TfR*;f^4 0«af?:Cl!iMt./iJ^[. ftD^?V 

^tc Anissor «:9 0^«I*U. ® 1 150 riEHi 
W<XT15«(EET*i6 3H)K:(± 
jitf-S, © 1200 b 6 -^2.3 

«tc<±±if'2> ({tJnifmnsntiosor > ^<r>^2 

ETtto:^»J*ta:^«? ^ Nb fii©M^*^-r. 
f5 I Sin^-r-i; o tc: Nb a 0.002 %tll^mti^''^ 

tf®*!^i£^t::ML.Ttii>$m^N, 9 05^» Hz 
I 0 5^ CD S X tfJ -C 1 130 t: tC 3 0 |j? fig If . 



900-c C 1 ^rBl^i*L^^,7^ gaSfeL.;!)>;^-^^^tJfc^ 
9 0 7^ HE Jg b T 0. 225 « i U . f# <b tl VIJ 

iz^r. ^ 2 atc^-r <fc k: Nb > o,o6?<i -a 
* c: i |g 1 iSI. m 2 SI 

<D»SaJ:t)Nb att 0.002 - 0.06H <k-r i 
:b . 

1 <r - r ^/fi;^><^ -S* . S. Si O IS acta: Of 

ffi, r-*«^fiSttS. Si CDi^W^-^r S:*:^''^ 
I -^t^X hti^ . s. Si cD(Etfrti^fls 



—83— 



?$Ba 6362-96615(4) 



j*I &U IPin ^ ^ — > ^ ;u 7 t3 - '± t& W 
l^fiUtC 1350- 1400 r tc:^|*aFttar#.fflT*ofc«a 

PbT ffi j£ T o ^r^i n =r ?y? c (i^ I ^ i m ^ 3? 

Nb a^M^^^^Tj^-^* |g3E!;!>-*i7^7!»^'&J^-?^ 
Tcfc-^tCNb > 0.06% <h ^ <hNbN 0 *Jf Jii a£N 



(l^iSW 1 ) 

^S?$»tt;: ck ^ T Si =3.269^. C-0.059 
H. &t^fB^A£^ 0.026%, N -0.0080 5^. 
Mn -0.076 H, S- 0.028 H. Sn «0.12^. 
Cu - 0.077 Nb = 0.019. 0.040. 0.090 X 

< 0.001 H^^^ F e n ^ ^ y y h 

llU/cOt. iJBJIfttpC fKtt«-1350Tc t;: 9 0 

« L. ^ S - 1200 r t> 6 ^< X a> S*^ PaT E 
^ t'^ 2. 3 « J? O 5* 5i is ^ 4# - *^ Pnl )E iiH ^± ± 
tt'^ar^ tilOOO-UOOr T /c* ^ i^u 

(1) .**5SI5SS;S^ {I130*ctc:3 ©('^{^j^^t 900-0 
fCl U.^,-^) -^BETi^PBlBEii (0. 285 ■» 

i±±\f) -Rft^ifeS^ <850r tci50 f>(Sl$) -^S* 
^J6i^i£i?» -S**<±Jbi^i€ (I200r tc: 2 0 ^PhT{^ 



(2» ^^£r'^r^&i&(Di±Jl^f'\lif^:^^ 0.225"T 

m ^.^^f^n (iOOOTc 3 ^PBTf^l#<^S<r&> 
-^i^PBlSi^ (i.2S«{±Jitt') -^'PaTtj^bS^ (inor 

C 3 0 ^iSl:\^ik 850 r tc I ^ PbI « b S ) - 
ET/^PBlEEii(0. 175«i± Jttf) -0^ia<*&^® 
^ {«|^ (U tc|3j U " 



m 1 ^ 



Sf n"a ^5 
(nn) 


N b 
(X) 


m ^ ^ ^ 


T 

( « > 


5 a 

<T) 


W17/5Q 
(Hatt/kg) 


0.285 


< 0.001 


1.93 


0.94 


20 


0.285 


0. 019 


1.92 


0.95 


12 


0.285 


0.040 


1.92 


0.95 


10 


0.285 


0.090 


1.75 




2 


0.225 


< 0.001 


1.91 


0.95 


15 


0.225 


0.019 


1.92 


0.94 


11 


0.225 


0.040 


1.92 


0.96 


7 


0.225 


0.090 


1. 73 




. 3 


0.175 


< 0.001 


1.90 


0.90 


18 


0. 175 


0.019 


1. 90 


0.91 


10 


0. 175 


0. 040 


1.89 


0.90 


8 


0.175 


0.090 


1.70 




3 



—84— 



r> T Si -3.505<. C=0.078 
H, BE^j^14A £ - 0.027H, N -0.0083^. 
Mn •= 0.080 9^. S= 0.026 ?^. Sn -^Q.IQH, 
Cr = 0.050H. Cu 0.070^, Nb -O.OIO. 
0.080 Xtt<0.001 ^^-ttiU. ^^Fe U ^ -! 

6 0 ^ <S J# /c <^ S L 1 200 r *b 6 /< p?. CD TaT 
BEJi^'ftl^. 2. 3 »15:cD»i£<S^i#;t. J^MIEJI 

6D<t± tfaisttioso-noox: -cab o /c. s»i£«* 

IS ^ t# . 

<i) (1125-0 tzZQ^iSkBik SSO-CtC 

1 ^P«1«lf U^.-^) -^ffiT?&nSJBEjl£(0.225«fi: 

mmm^-&t^i±±tkn ci2oo-c t^2oi#roiffii#) 

(2) "^roTSJil (l.55«J± Jilt') -4»ni1itfeJ* 
(1125r C30«?«l*^ 1 ^Tali^l* U^?^) - 



5#ET7&PBlEE5£(0.225«ft Jitf) Z> ^ ^ < 







2 








N b 




(«) 


(X) 


B . 

(T) 


W17/50 
(Watt/U) 


(1) 


< 0.001 


1.92 


0.92 


25 


(I) 


0.010 


1.93 


0.91 


12 


ii) 


0.080 


1.70 




7 


(2) 


< 0.001 


1.92 


0.89 


22 


(2) 


0.010 


1.92 


0.90 


14 


(2) 


0.080 


1.73 




5 



4. ffi CD 19 m ^i: ^ IS 



15 



Hp as A 











SB 








fa 


















D 


OS 






e 


Uj 




IS 



10 







u 




r X. 

1 J 


\ 

1 



0O2 aCK 006 0O8 0.10 
Nb ('/•) 

KR^^-t Nb 08^» ( n = 2 (O^*^ ) 



—85— 



S5 I g| 



«BaB3 62-96615(6) 



2.0 r 

1.9 

1.8 

1.7 
^1-65 - 



I- 




W 17/50 

1.1 (w/kg) 



0-9 



0 0.02 OOA OCS 0-08 0-10 
NbC/o) 



1 



o 

w- ^ 

^ IS 



2 m 



^ IS IE « (S^) 

na^Kl 6 0 ^ 1 2 B 
t^SlP/fS-E ^ 3t iE Stt 

ggfa 6 0 ^^$ft=EH^. 2 3 4 6 3 3-^ 

2. 1% 9i ® 

;* ThT a T CD s: SI] n ^> < 5% «^ t4 o 

3. MjE^r-S* 

ig^ (665) 0f B ;t:aJiSt^^^^± 



4. S A 

(im =fio5 -mmmmui^y f^-rm 8#io-^ 

»^^/P5fc^'^- 'aiS 504-0721 ^^^^ 
K« (6579) « m 

(^ 4 «) 



5. miE<Dn^ 

(2) [g| ( m 2 gi ) 

6. 1^ IE CD ^ 

*" — :^ V J iztriET ^ . 

tc ST IE T . 
(2) ia®(m2EI)*»»JffiCDJ:-5tCgTiE1-'2>. 

7. «S^=fSScD Bijfe 

@ (m 2 1^} I m 



9fraB3 62-96615 (7) 




WV7/S0 
1.1. (v//kg ) 



0 002 aOA 0O6 0.08 0-: 
NbC/.) 



m 2 m 



